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ABSTRACT: A planis presentedor the possiblecommecialization of the ProjectIntegration Architectue (PIA) tech-
nology. The proposedschemecentes around an open-soute, freavare distribution of the generic, core integration
technolagy, perhapsunderthe auspicesof a multi-party multi-sectorstandads group. Revenuestreamswould derive
fromservicegperhipheal to thatcoreincludingservice/supporgxpertise/taining, generictools, provisionof conformant

wrappes to applicationsof broadappeal,and provisionof servedapplicationsover the global internet.

1 Intr oduction

1.1 History

In the late 19805, the Integrated CFD and Experiments
(ICE) project[1, 2] wascarriedoutwith thegoalof provid-
ing a single,graphicaluserinterface(GUI) anddataman-
agemenervironmentfor a variety of CFD codesandre-
latedexperimentaldata. Theintentof the ICE projectwas
to easdhedifficultiesof interactingwith andintermingling
thesadisparateénformationsourcesTheprojectwasasuc-
cesnaresearclbasishowever, onreview it wasdeemed
inappropriate due to varioustechnicallimitations, to ad-
vancethe effort beyondthe successeachieved.

A re-engineeringf the projectwasinitiated in 19963].
The effort wasfirst renamedhe Portable Redesignedn-
tegratedCFD and ExpermentgPRICE) projectandthen,
asthewide applicabilityof the conceptsameto be appre-
ciated,the ProjectIntegration Architecture(PIA) project.
Theprovision of aGUI asa projectproductwaseliminated
and attentionwas focuseduponthe applicationwrapping
andintegrationarchitecture During the interveningyears,
work hasproceededind an operationaldemonstratiorof
the PIA projectin a C++, single-machinemplementation
hasbeenachieved.

1.2 KeyContributions

ThePIlA technologyprovidesanumberof benefits Among
themoresignificantarethefollowing.

1. Completeengineeringprocesscaptureis possibleto
theextentdesired.

(a) A completederivationalhistory of every project
configurationinvesticatedcanbe captured pro-
ducingan auditabletrail from final designback
to initial guess.

(b) Technologiss journals,notes,andthe like can
be captured allowing the recordof thinking to
be retrievablein the contet of the harddataof
theproject.

2. Integrationof applicationsinto a functionalwholeis
possible allowing for the complex analysisof entire
systems.

3. Rigouroudesignconfiguratiorsynchronizatioris en-
forced,eliminatingmis-matchednalyse®etweerin-
tegratedapplications.

4. The classicn-squaed integration problemis solved
throughthe useof semantically-definedarameters.



5. Dimensionalunit confusionis eliminatedby encap-
sulatingin parameters self-knavledgeof their own
dimensionality

6. Quality values(good, bad, and, potentially a range
in betweenprecapturedallowing baddataor designs
to beretainedn the recordwithout concernthatthey
mightbeinadwertantlyrelieduponasbeinggood.

7. Applicationintegrationis achievedwithouttheneces-
sity of re-codingthoseapplicationsto the standard.
The wrapping nature of the architecturedecouples
commitmento theintegrationstandardrom the cap-
ital asset®f thewrappedapplications.

8. The wrappingnatureof the architecturealso allows
for multiplewrapperdo thesameapplication.Among
otherthings,wrappersappropriateo theskill level of
varioususersmight be developed.

1.3 TechnologyTransfer

As with mary researchtechnologiesthe PIA projectcan
contritute to the greatergoodin two generalways: first,
through a demonstrationof techniques,methods, pro-
cessesandthelike thatcanbetransferredphilosophically
or literally, to otherareas,and secondthroughthe direct
migrationof thetechnologyasawholefrom aresearclef-
fort to a commercialproductin its own right. Over the
courseof pasteffort, PIA hasindeedcontributedin thefor-
mer manner It now remainsto examineif and how the
developedtechnologymight make thesecondorm of tran-
sitionto acommerciaproduct.

2 BasicConcepts

Theassertiorthatformsthefoundationof thecommercial-
izationplanbeingproposedsthatPIA is, atits heartanap-

plicationintegrationstandard.PIA is somethingo which

applicationwrappersbaseduponits technologyconform.
In beinga standardthis thenimplies that more than one
partydesirego conformto it in orderto obtainthe benefits
of standardization.

It is furtherproposedhatrevenuederive from the benefits
deliveredto the customerlt is in conformanceo the stan-
dard,ratherthanin the standardtself, thatthetruebenefits
derive and,thus,the sourceof revenueis identified. Fol-
lowing thislogic, thePIA technologybeingastandardand
its implementationijs not the revenuesource.Ratherit is
in productghatconformto andsupporthePIA technology
standardhatthe primaryrevenuestreamis to befound.

As aparallel,considerthe IBM PCindustry It is asserted
thattheIBM PCarchitecturatself is notthe sourceof rev-
enuedn thisindustry Insteadit is the conformancef the
productsof variousvendorsto that architecturethat pro-
ducesthe revenue. This canbe inferredif one considers
thatthe succes®f thatindustryis, in all probablity inde-
pendentof the computerarchitectureselected.Had Digi-
tal EquipmentCorporationplacedthe VAX architecturen
a similar, open-technologyosture the PC industry most
probablywould have succeededquallyby puttinggeneric,
compatibleVAXesin desktopboxes.

As a further reflection upon the location of value in a
“standard-basedproduct, considerthe various incarna-
tions of computerdrom Apple Computer Inc. Thisis an
exampleof a single-party“standard”. It is assertedhat
the product,while certainly popular consistentlyfails to
thrive becaus@pple, throughits marketingstratey which
excludesclones,attemptsto derive its revenuesfrom the
excellenceof its standardatherthanfrom thewide-spread
conformanceo its standard.

3 Commercialization

3.1 CoreTechnology

Given the above basicarguments,it is proposedhat the
PIA coretechnologyandimplementatiorbe commercial-
ized by supplyingit asopen-sourcéreeware. It is further
proposedthat someform of technologygoverning body
be setup, for exampleas a standardelementof the Ob-
ject ManagementGroup (OMG), whoseCommonObject
RequesBroker Architecture(CORBA) is forming the ba-
sicimplementationechnologyof thenet-distritutedimple-
mentationof PIA.

3.1.1 Negative Indicators

The following concernsarisewhenconsideringhe above
proposal.

1. Thetendeng of the Governmenbf the United States
is to seekcompensatiorfor technologydevelopedat
public expensenhenit is deliveredto the privatesec-
tor for profit-generatingpplication.Whetherthisten-
deng canbeovercomein atimely manneiis opento
guestion.

2. TheGovernmentendsto regardsoftwareaskey, con-
trolled technology Making ary significant,currently
relevant software publically available asopen-source



freewareis contraryto the Governments default per
ceptionsof its vital interests.

3. When the Governmentdoesreleasetechnology its
preferencds to releaset, if not exclusively, at least
firstfor asignificantperiodof timeto its own, national
interests Again, releaseof softwareto theinternation
communityover the global internetis perceved, by
default, ascontraryto the Governments interests.

4. The Governmentis hesitantto releasesoftware or
other technologieghat may incur a liability should
malfunctionsoccur

5. Theestablishmemf astandardhrougha publicbody
suchasOMG is alengthy processAdditionally, such
standardizatiorprocessesnay resultin adjustments
to the standardwvhich may or may not be entirely in
keepingwith the original technologicalintent of the
effort.

6. Establishmenbof a technologystandardopensthat
technologyup to standards-isting efforts by those
interestsopposedto the standard. The example of
SunSoft/Jea and MicroSoft, Inc., comeimmediatly
to mind.

3.1.2 Positive Indicators

Positive factorsassociatedvith an open-sourcefreevare
commercializatiorof the PIA coretechnologieslsoexist.

1. Open-sourcéreewaretypically providesavery large,
virtually zero-costleluggingandvalidationresource.
Often, correctve measuresiresuggestear provided
with thereportsof softwaredefects.

2. Since PIA was first mentionedas a possibility for
commercializationsereral partieshave inquiredinto
theopportunitiesavailable. Theopen-sourcéreevare
selectionallows all interestedpartiesto participatein
theeffort. Additionally, individual partiesmightagree
on a distribution of productsectorsin a cooperatie
whole so asto minimize individual risk while maxi-
mizing commercializedmpact.

3. Theopen-sourcéreevareapproactassuresustomers
of multiple vendorsfor neededservicesandproducts.
This removestwo fears:first, of exhorbitantpricein-
crease®nceanirrevocablecommitments madeand
second,of dependenceipon the continuedsuccess
of a selectedvendor Elimination of theseconcerns
improvesthe likelyhoodof standards/produciccep-
tance.

4. The public standardgrocessassuresustomerghat
changewill beslow andcarefullyconsideredFurther
it givescustomerswith vital interestsan opportunity
to participaten thatprocess.

5. Theopen-sourcéreeware,public standardspproach
allows mary discipline-specifiexpertpartiesto bein-
cludedin theprocessThisis akey elemenif PIA ar-
chitecturecommercializatiorsincethe existing work
is only skeletalin its implementatiorof semantically-
infusedparametelibraries.

3.2 Perhipheral Productsand Sewices

As mentionedpreviously, the proposeccommercialization
modelsupposeshat revenuesare derived from the provi-
sionof productsandserviceghatenableconformanceo a
standarand,thus,thederivationof benefitto thecustomer
Thefollowing revenue/benefiareasareimmediatelyfore-
seen.

3.2.1 Sewicesand Support

As in the mannerof Linux (perhapshe mostnotableex-

ampleof open-sourcdreeware)andits supportingcorpo-
rations,a certainamountof businessnaybe donein basic
service/supporoperationsor PIA in the form of printed
manualsphysical distribution media,installationservices,
platform support,sener configuration sales,andinstalla-
tion asa group,applicationsener administrationandthe
like. Despitethe open-sourcdreaevarefoundation,it is a
demonstratedactthat mary customerswill preferto out-

sourcesuchbasicoperations.

3.2.2 Expertiseand Training

Perhapsrepresentinga higher layer of the servicesand
supportspectrum gxpertise(consulting)andtraining will
probably representa substantialportion of the revenue
stream. Despite the supposedintuitive, organic na-
ture of the PIA architecture,the technologyis, as a
whole, somavhat more than mildly complec. The self-
revealing, object-orientedapplicationarchitecture pbject-
orientedprogrammingechnologyitself, and CORBA net-
distributedobjectimplementatioriechnologyseento com-
bineinto aratherformidablemaze evenbeforediscipline-
specificsemanticsremixedinto the pot. Thus,the market
for the provision of expertiseandtraining shouldbe con-
siderable.

Thefollowing expertiseareasareimmediatelyforeseerfor
bothconsultingandtraining.



1. BasicPIA technology This includesfundamental®f
thearchitecturesuchasself-revelation,semantidnfu-
sion, identificationof parameterspperationakencap-
sulation,generationof auditableprojecttrails, orga-
nizationof informationwithin the architecturejnter-
applicationinformation propagtion, event notifica-
tion, quality controlinformation,andthelike.

2. Generalwrapperdesignstratgies. This includesall
aspect®f integratinga givenapplicationinto the PIA
standardAreasof interestincluderead-onlyinforma-
tion sources(experimentaldata, dataarchives, most
CAD systemsandthelike), value-adde@pplications
(analysisdesign simulationcodesandthelike),and
consuming,distilation applications(objectve func-
tion generatoraindthelike).

3. Interapplicationintegration. The arrangemenof ap-
plicationsinto adirected applicationgraphfor overall
systemanalysisthroughPIA techologycanbe a sig-
nificant,andasyet minimally explored,topic.

4. Discipline-specifiqparametetibrary support.One of
thekey elementof PIA technologyis the infusion of
semantianeaninginto parameteobjects. This tech-
nology hasonly beenoutlinedin the presentesearch
effort; however, for practical,commercialpplication
a greatdealof effort will have to be expendedn fill-
ing outthevastsupplyof engineeringparameterand
providing expertiseon the precisemeaninganduseof
thoseparameters.

5. Statisticalcharacterizatiomndoptimizationcapabili-
ties. Thefinal goalof PIA integrationis, of courseto
produceonefinal, overall judgementasto the merit
of a given configurationof a project. Methodsfor
taking that judgementand producingeithera design
refinementbr a terminaldecisionwill probablybe of
the greatestompleity andwill, thus,be a expertise
productfocus.

All of the abore expertiseareaswill alsoprovide business
opportunitiesor booksandotherlearning/trainingelated
materials. The revenuestreamsto be derived from such
materialsshouldnot be belittled. Thosein doubtof this

needonly visit the computersectionof their local Borders
or BarnesandNoblebookstores.

3.2.3 Browser/Seach Engine Products

As noted in the introduction, PIA abandonedthe
browser/GUlasaproductelemensometimeago. TheGUI
that presentlyexistsis a research/daiygingtool only and
is notintendedor distribution. Further asearchenginehas

never beenpartof thePIA effort, dispitethefactthatanau-
tomatedool for seekingoutspecificinformationformshas
alwaysbeenexpected.

Thus,thesetwo areasareclear competitve softwareprod-
uct areas. In particulay the provision of GUI's with dif-
ferent,discipline-focusedapabilitiesseemsa safeareafor
commerciatompetitionthataddsvalueto theoverallmar
ketplacewithout ary reasonablg@otentialfor harmingthe
architecturabpplicationstandard.

Note that the PIA architecturehasnot, asyet, embraced
informationvisualizationasa part of the parametepbject
structure. This hasbeenconsideredthat s, it hasbeen
proposedhatall parameteobjectsrespondo a DisplayY-
ourself command)however, atthis time thatfunctionality
is consideredo be a properpartof the GUI, notof theap-
plicationwrapper

3.2.4 Workbench Tools

Also completelyuntreatedby the presentPIA effort are
workbenchtools to facilitate the constructionof applica-
tion wrappers.Again, this representsin areafor compet-
itive software productdevelopmentwhich is not expected
to harmtheintegrity of theapplicationarchitecture.

3.2.5 Discipline-SpecificProducts

As mentionedin the expertise section, the formulation
of discipline-specific,semantically-infusedarametetli-
brariesis akey elemenibf the PIA projectthathas,to date,
only beentreatedin a skeletal, expositionalmanner The
definitionandimplementatiorof theselibrariesrepresents
a mix-and-matchsoftware productareafrom which ven-
dorsfrom differentdisciplineareasnayderie revenue.

Note,though,thatin this areahead-to-headompetitionis
not exactly a goodthing. Discipline areasmustagreeon
standard$or thesemantiandfunctionalcontentof imple-
mentedparameters.Variation or overlapin encapsulated
informationwill bethekiss of deathon the solutionto the
n-squaed applicationintegrationproblem.Actual cooper
ationto assurehatparametechallengesvithin adiscipline
areonly solvedonceareessential.

3.2.6 PackagedApplication Products

The PIA technologyintendsto enablea plug-and-play
mix-and-matchapplicationintegration ervironment. To
the extentthat standardizatiowlisciplineandthe standard-
ized technologyachieves this goal, a significant market



for pre-wrappedPIA-conformantapplicationswill be en-
abled.Thiswill allow customergo pick analysigpackages
from the marketplaceasneededanddroptheminto hisin-
dividual,technology-systerpuzzle.

The delivery of pre-wrappedapplicationpackagess seen
asthe principal operationamodefor customersvho wish
to conductconfidentialin abusinessense)in-houseanal-
ysisof their productsystems.

3.2.7 SerwedApplication Products

Extendingthe conceptof packagedapplicationproducts,

it is expectedthata nev modeof net-availableapplication

serviceswill resultfrom widespreaduse of standardized
PIA technology In this modewrappedapplicationsare

providednotin physical,shrink-wrappedardboardoxes,

but throughglobal-net-accessiblgeners. Suitablecredit

arrangementsanbe madeto derive revenuefrom the use

of proprietaryapplicationproducts.

Consumersf suchserviceswill beableto useeithersingly
orin combination(supposedly@xpertanalysisapplications
from differentvendorsto meetthe uniquerequirementsf
their own productsystemwithout the needto physically
obtain,maintain,updatelicensegetc.,etc.,theneededoft-
wareproducts Additionally, the providersof suchapplica-
tion servicemeednever let their proprietary competitve-
adwantagesoftwareoutsideof the boundsof their own fire-
walls. The ability to sell the servicesof a software appli-
cationwithout releasinghe codeof thatapplicationis en-
abled.

3.2.8 SerwvedInformation Resources

The useof engineeringdatabasesgither through shrink-

wrappeddelivery or throughnet-accessiblsenersis fur-

ther enabledby PIA technology On-line databasesl-

ready exist; however, thesedatabasesre limited by the

factthatthe semanticf their contentis not expressedn

a machine-interprettableorm. By presentingsuchinfor-

mationthroughPIA technology suchinformationcanbe

incorporatednto systemanalysigust asotherapplications
are.

For example, a facility having archives of flow-field data
presentedhroughPIlA technologycanhave thatdataincor

poratedasthestartingpointfor flow field analysissodesan-
alyzing problemsof similar characteristicsimply by con-
nectingthe experimentaldata“application” into the appli-
cationgraph.

4 Unanswered Questions

The open-sourcdreevare commercializatiormodel sim-

ply assumesghat the vastbody of CORBA-implemented,
generic PIA code will materialize fortuitously out of

nowhere. Finding a funding sourcefor suchan altruistic

actis unlikely. Eventually the Governments PIA effort

may provide the expectedcode and documentatior(pro-

vided we arent zeroed-oufirst) but whetherthis will be

timely or notremainsto be seen.
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